Background/Aims: Cardiac remodeling is associated with oxidative stress. Sesamin, a wellknown antioxidant from sesamin seeds, have been used extensively as traditional health foods. However, there is little known about the effect of sesamin on cardiac remodeling. Therefore, the present study aimed to determine whether sesamin could protect against cardiac remodeling and to clarify potential molecular mechanisms. Methods: The mice were subjected to either transverse aortic constriction (TAC) or sham surgery (control group). Beginning one week after surgery, the mice were oral gavage treated with sesamin (100mg·kg -1 ·day -1 ) or vehicle for 3 weeks. Cardiac hypertrophy was assessed by echocardiographic parameters, histological analyses and hypertrophic markers. Results: Sesamin alleviated cardiac hypertrophy, inhibited fibrosis and attenuated the inflammatory response. The increased production of reactive oxygen species, the activation of ERK1/2-dependent nuclear factor-κB and the increased level of Smad2 phosphorylation were observed in cardiac remolding model that were treated with sesamin. Furthermore, TAC induced alteration of Sirt3 and SOD2 was normalized by sesamin treatment. Finally, a selective Sirt3 inhibitor 3-TYP blocks all the protective role of sesamin, suggesting that a Sirt3-dependent effect of sesamin on cardiac remodeling. Conclusion: Sesamin improves cardiac function and prevents the development of cardiac hypertrophy via Sirt3/ROS pathway. Our results suggest the protective effect of sesamin on cardiac remolding.
Introduction
During the past half-century, heart failure is still an important global health problem with an estimated prevalence of 38 million patients worldwide, a number that is increasing with the ageing of the population [1] . Cardiac remodeling is usually accompanied by left ventricle (LV) geometry disruption, interstitial fibrosis, myocardial hypertrophy and vascular
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dysfunction, leading to progressive diastolic and systolic heart failure [2, 3] . Therefore, clarify the underlying signaling pathways and the specific molecular mechanism may lead to new therapeutic strategies of delaying or even reverse the progress of the heart failure.
Reactive oxygen species (ROS) plays a key role in pressure overload or AngII induced cardiac hypertrophy [4] [5] [6] . Increasing ROS actives branches of the protein response inducing cardiac fibrosis, hypertrophic responses and vascular dysfunction, contributing to the process of cardiac hypertrophy [7] . Therefore, it is important to understand the regulatory mechanisms of oxygen stress and the effective way to prevent the accumulation of ROS. Sirt3 (sirtuin 3) is the primary mitochondrial acetyl-lysine deacetylase that modulates signal pathways to control ROS generation [8] . More importantly, Sirt3 directly binds and enhances the antioxidant activity of target substrate SOD2, which leads to a significant effect on ROS homeostasis [9] . Manganese superoxide dismutase (MnSOD, SOD2) is one of mitochondrial antioxidant enzymes to protect cells against oxidative damage, protecting the heart from oxidative injury and cardiac dysfunction [10] [11] [12] . Therefore, pharmacological interventions with Sirt3/ROS pathway could be of significant therapeutic interest for treating cardiac remodeling.
Sesamin, a furofuran-class lignin exacted from sesame seeds, is widespread in vascular plants and represented by Sesamum spp [13] . Sesamin has been reported to act as antioxidant, ameliorating oxidative stress and mortality in brain injury models by inhibition of MAPK and COX-2 activation [14] . Recently, it was reported that sesamin improved cardiac function in doxorubicin-induced cardiotoxicity model by Sirt1 and Mn-SOD pathway [15] . Moreover, sesamin attenuates nutritional fibrosing steatohepatitis by its anti-inflammatory and antifibrogenic actions [16] . According to these findings, there is a possibility that sesamin could protect against cardiac remodeling.
The present study investigated whether sesamin can attenuate pressure overload induced cardiac hypertrophy as well as fibrosis in mice, and to identify the molecular mechanisms responsible for these putative effects. We demonstrate that mice treated with sesamin reveal suppressed hypertrophic and fibrotic response. Sesamin-mediated upregulation of Sirt3 blocks cardiac remodeling response by suppressing ROS production and downstream signaling pathway.
Materials and Methods

Animal models and procedures
All the animal experimental protocols were approved by the Animal Care and Use Committee of Renmin Hospital of Wuhan University and were conducted in accordance with the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animal.
Cardiac hypertrophy mouse models were established by TAC-induced pressure overload. Briefly, male mice (8 to 10 week-old, body weight: 23.5g -27.5g, NO: 11401300039269) were purchased from the Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences (Beijing, China). All animals were allowed to acclimatize to the laboratory environment for one week. All surgeries and subsequent analyses were performed in a blinded fashion. Mice were anaesthetized with 3% pentobarbital sodium (Sigma) at a dose of 50mg·kg -1 . Adequate anesthesia was confirmed by the absence of a toe pinch reflex. The procedure was performed according to Ji et al. [17] . We use temgesic (0.1mg·kg -1 ) once daily for 6 days postsurgery to treat post-operative pain. The control group for these animal experiments was given the same volume of liquid but consisted solely of the vehicle solution (0.5% carboxymethylcellulose). Beginning one week after surgery, we administered sesamin (100mg·kg ) by oral gavage for 3 weeks. At the end of the treatment, the surviving animals were randomly measured for cardiac function. Mice were euthanized with an overdose of sodium pentobarbital (200mg · kg-1; i.p.) and the hearts were collected.
Determination of sesamin in the tissues and serum
The mice were administered sesamin (100mg·kg -1 ) by oral gavage (n=10). The liver, lung, heart, kidney, brain and serum were collected at 0, 3, 6, 9, and 24 h after the administration. The liver, lung, heart, kidney, and brain samples were homogenized in 3 vol of distilled water. Sesamin was extracted from the homogenate solution and serum by the Bligh-Dyer method. Sesamin was analyzed using high-performance liquid chromatography (P230II, elitehplc). The ultraviolet detection wavelength for sesamin was 290 nm.
Echocardiography and haemodynamic evaluation
Mice were anesthetized by inhalation of 1.5-2% isoflurane. Echocardiography was performed to evaluate the structure and function of the left ventricle using a MyLab 30CV system (Biosound Esaote, Inc.) equipped with a 15-MHz probe. To measure the LV end-systolic diameter (LVESD), LV end-diastolic dimension (LVEDD), and LV fractional shortening (FS), M-mode tracings derived from the short axis of the left ventricle at the level of the papillary muscles were recorded; parameters were obtained from at least three beats and averaged. For the haemodynamic analysis, a 1.4-French catheter-tip micromanometer catheter (SPR-839; Millar Instruments, Houston, TX, USA) was inserted into the left ventricle via the right carotid artery to obtain invasive haemodynamic measurements. An aria pressure-volume conductance system (MPVS-300 Signal Conditioner, Millar Instruments, Houston, TX, USA) coupled with a PowerLab/4SP A/D converter was used to continuously record the heart rates, pressure, and volume signals.
Morphological examination
Four weeks after the surgery, following euthanasia, the heart, lung and tibia were collected for further analysis. The hearts were arrested with 10% KCl, fixed in 10% formalin, embedded in paraffin, and transversely sliced into 5-μm sections that were stained with haematoxylin-eosin (H&E) or picrosirius red (PSR). Each slide was examined by two independent examiners. The fibrotic areas were measured using a digital image analysis system (Image-Pro Plus, version 6.0) from images captured from PSR-stained sections. For myocyte cross-sectional area, sections were stained for membranes with FITC-conjugated WGA (Invitrogen) and for nuclei with DAPI. A single myocyte was measured with an image quantitative digital analysis system (NIH Image, version 1.6). The outline of 150 myocytes was traced in each group.
Quantitative real-time PCR and Western blot analysis
Briefly, total RNA was extracted from mouse hearts using TRIzol (Invitrogen, 15596-026) on ice, and cDNA was generated with the Transcriptor First Strand cDNA Synthesis Kit (04897030001, Roche Diagnostics, Basel, Switzerland). Transcripts were later amplified using SYBR Green (Roche, 04707516001), and GAPDH served as the endogenous reference gene. (For all online suppl. material, see www.karger.com/ doi/10.1159/000486026, Table S1 show all primer details).
Protein extract and Western blotting were performed essentially as described previously [17] . Protein expression levels were normalized to the matched total proteins or GAPDH. GAPDH served as the loading control. All the details of primary antibodies were given (see online suppl. material) in Table S2 .
Cell culture and suface area
Briefly, cardiac cells were isolated in PBS containing 0.03% trypsin and 0.04% collagenase type II from the hearts of neonatal rats. Subsequently, neonatal rat cardiac myocytes (NRCMs) were purified by removing cardiac fibroblasts via a differential attachment technique. NRCMs were then seeded at a density of 2 × 10 5 cells per well in six-well culture plates. After 48h, the culture medium was replaced with serumfree DMEM/F12 for 12h before stimulation with Ang II (1 μM). For Sirt3 inhibition, NRCMs were incubated with 3-TYP (50 μM) in the presence or absence of hypertrophic stimuli and sesamin (10 mM) for 48 h. H9C2 cardiomyocytes were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were seeded in DMEM (GIBCO (California, USA), C11995) supplemented with 10% FBS (GIBCO, 10099), penicillin (100 U·mL -1 ) and streptomycin (100 mg·mL -1 ) (GIBCO,15140). Cells below passage 15 were used. Cells were incubated with angiotensin II (Ang II; 1 μM) for 48 h after starvation with DMEM medium containing 0.5% FBS overnight to induce hypertrophy. For cells treated with sesamin, Sirt3 inhibitor or ROS scavenger, sesamin (10 mM), 3-TYP (50 μM), NAC (10 mM) were added into the media before Ang II administration. To visualize the morphological change, H9C2 cells were fixed with 4% paraformaldehyde and permeabilized with 0.1% Triton-X100 and stained with rhodamine-phalloidin at a concentration of 50ug/ml for 30min at room temperature and washed with PBS and detected by fluorescence microscope (Tokyo, Japan). The surface areas were measured using Image-Pro Plus 6.0 software. The quantitative data for cell size of >100 randomly selected cells in 3 independent experiments. The cardiac fibroblasts were cultured in DMEM/F12 with 10% FBS. CFs prior to the third passage were used in our study. 
ROS Measurement in vivo
Production of ROS was evaluated by analyzing the fluorescence intensity that resulted from dihydroethidium (DHE) staining. In brief, frozen mouse hearts were cut into 5 µm sections. Serial heart sections were stained with 5 µM DHE at 37°C for 30 minutes and then measured by fluorescence microscopy (Tokyo, Japan). Images were quantified using Image-Pro Plus 6.0.
Statistical analyses
Statistical analyses were performed using GraphPad Prism 5 (GraphPad) for PC. Quantitative data are expressed as mean ± SEM unless otherwise stated. Comparisons between two groups were performed using Student's t test. Differences among groups were assessed using a one-way analysis of variance (ANOVA) followed by Tukey's post hoc test. For all statistical analyses, the level of significance was set at 0.05.
Materials
Sesamin (#607-80-7) was obtained from Shanghai Winherb Medical Science Co (Shanghai, China, www. sh-winherb.com/Zproduct.aspx?fn=2&key=sesamin). The purity of sesamin was above 99% determined by HPLC analysis. Angiotensin II (Ang II, A9525) and N-acetyl-L-cysteine (NAC, A7250) were purchased from Sigma-Aldrich (St. Louis, MO, USA). DAPI (S36939) and FITC-conjugated WGA were purchased from Invitrogen. DHE were obtained from Keygen Biotech. 3-(1H-1, 2,3-triazol-4-yl)pyridine (3-TYP, HY-108331) were obtained from MedChemExpress. Proteins were measured with assay kits obtained from Pierce (Pierce, 23225). All other chemicals were of analytical grade.
Results
Sesamin improved cardiac function and attenuated cardiac hypertrophy in vivo
We examined concentration of sesamin in the tissues and serum, and found that sesamin has the high concentration in heart, liver and lung after oral gavage administration, which implies us that sesamin is most likely to have some effort in the these organs (see online suppl. material, Fig. S1 ). We investigated the effects of sesamin in a murine model of cardiac hypertrophy. All vehicle-treated demonstrated the marked increase in heart size and dilatation of ventricular chambers as compared with the sham control group after 4 weeks post-surgery. In contrast, Sesamin treatment of the TAC mice had a significant reduction in hypertrophic growth as measured by HW/BW and HW/TL (Fig. 1A) , without affecting body weight, heart rate (see online suppl. material, Fig. S2A & S2B) . No significant differences were observed in the sham operated mice treated with sesamin or vehicle (Fig. 1A) . The effect of sesamin on cardiac remodeling after TAC was further confirmed by Gross heart, HE staining and WGA staining (Fig. 1B & 1C) . In accordance with reduced cardiac hypertrophy examined by HE staining and WGA staining, mRNA levels of atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP), and β-myosin heavy chain (β-MHC) were markedly suppressed in mice by treatment with sesamin (Fig. 1D) . Sesamin treatment prevented the development of adverse cardiac remodelling and ventricular dysfunction, as demonstrated by decreased LVESD, LVEDD and percent fractional shortening (%FS) (Fig. 1E & Fig. 1F ). According to the pressure-volume analysis, we find that systolic function (assessed by +dP/dt) and diastolic function (assessed by -dP/dt) were improved after treatment with sesamin (Fig. 1G) . The LV pressure-volume loops also showed preserved systolic function in sesamin-treated mice compared with the vehicle-treated mice in the TAC groups (see online suppl. material, Fig.  2SC ). These results suggest that sesamin could improve cardiac function and suppress cardiac hypertrophy after TAC surgery.
Sesamin attenuate cardiac fibrosis in vivo
To investigate the mechanism by which sesamin inhibits cardiac hypertrophy further, we examined the ability of sesamin to inhibit fibrosis. Compared with the vehicle-treated group, mice with sesamin presented a marked reduction in LV collagen volume examined by Sirius red staining after TAC surgery ( Fig. 2A) The increased levels of TGF-β1and Smad2 phosphorylation were attenuated in sesamintreated mice after TAC surgery (Fig. 2B & 2C) . Subsequent analysis of the expression of
fibrotic markers, such as collagen I and collagen III, demonstrated a suppression response following sesamin administration compared with the vehicle-treated group (Fig. 2D) . These results indicate that mice by treatment with sesamin show a limitation in fibrotic response induced by chronic pressure overload stimuli.
Sesamin inhibits inflammatory responses following chronic pressure overload
It has been reported that inflammation plays an important role in the development of cardiac and vascular diseases [18] . To determine the effect of sesamin on inflammatory responses, we examined whether sesamin affects NF-kB signalling in the heart. Compared with vehicle-treated mice 4 weeks post-TAC, the elevated phosphorylation level of the NF-κB family member p65 were suppressed in mice by treatment with sesamin ( Fig. 3A  & 3B) . IκBα, as a NF-κB inhibitor [19] , was examined in our study. According to western blot analysis, IκBα phosphorylation and IκBα degradation in vehicle-treated TAC mice was significantly impaired after treatment with sesamin ( Fig. 3A & 3B) . Furthermore, we examined the expression of inflammatory mediators IL-6, tumor necrosis factor α (TNF-α) 
and monocyte chemoattractant protein-1 (MCP-1) in cardiac tissue. Our results showed that sesamin significantly decreased the mRNA levels of IL-6, TNF-α and MCP-1 compared with vehicle-treated TAC mice (Fig. 3C) . These results indicate that sesamin inhibits inflammation by blocking NF-κB signalling in response to chronic pressure overload.
Sesamin inhibits MEK-ERK1/2 signalling in vitro and in vivo, but not noncanonical TGF-β signalling
Many studies have shown that MAPK signaling pathway is a key contributor to the development of cardiac hypertrophy [20, 21] . Therefore, we examined whether MAPK was responsible for anti-hypertrophy effects of sesamin. We excitingly observed that TAC induced a significant activation of the MAPK pathway. However, sesamin treatment markedly suppressed the activation of MEK and ERK1/2, whereas p38 and JNK1/2 were not significantly affected (Fig. 4A & 4B) . Next, we exposed neonatal rat cultured cardiac myocytes to 1 μM Ang II for 48h with or without 10 μM sesamin. In line with the in vivo findings, Ang II induced a significant increase in phosphorylated levels of MEK, ERK1/2, p38 and JNK. Nevertheless, activation of MEK and ERK1/2 were blocked by sesamin, not that of p38 or JNK (Fig. 4C &  4D ). According to previous findings, myocyte-targeted noncanonical TGF-β signaling plays a central role in the maladaptive cardiac response to sustained pressure overload [22] . To examine the effect of sesamin on noncanonical TGF-β signalling in the heart, expression of TRβ2 and p-TAK1 was detected by Western blot (see online suppl. material, Fig. S3A & S3B). Sesamin did not affect the expression of TRβ2 and phosphorylation of TAK1. Oxidative stress has been demonstrated to upregulate TGF-b1 and cause structural remodelling [23] . Therefore, we checked whether the antioxidative properties of sesamin responsible for the downregulation of TGF-β1 expression. Ang II-induced TGF-β1 expression was decreased significantly in NAC treatment cells and treatment with sesamin did not further decrease TGF-b1 expression in cells (see online suppl. material, Fig. S3C & S3D) . Taken together, our results showed that sesamin treatment inhibits MEK-ERK1/2 signalling in vitro and in vivo, but did not affect noncanonical TGF-β signaling, as well as the attenuation of AngII-induced secretion of TGF-β1 by neonatal rat cardiac fibroblasts was dependent on antioxidative properties of sesamin. 
Sesamin increase Sirt3 levels and its downstream signaling
Previous studies have demonstrated that Sesamol, a liposoluble lignan extraction and prominent fragrance component in sesame oil, can improve PGC-1α genes expressions [24] , which can activates Sirt3 gene promoter, leading to increase synthesis of Sirt3 mRNA transcripts [25] . Moreover, another finding suggested that Sirt3 is downregulated during severe hypertrophy and heart failure, and the overexpression of Sirt3 blocks cardiac hypertrophy by enhancing the activities of antioxidants SOD2, which thereby reduce the cellular ROS levels [26] . Thus, we examined PGC-1α mRNA and found that PGC-1α mRNA was downregulated after TAC surgery, but normalized by sesamin treatment (Fig. 5A) .We further measured Sirt3 and its downstream signaling expression levels. Sesamin restored the pressure overload-mediated reduction in Sirt3. As expected, sesamin significantly blocked the pressure overload-induced Foxo3a phosphorylation and expression of SOD2 (Fig. 5B &5C) . Collectively, these studies suggest that sesamin is capable of activating Sirt3 and its downstream signaling in vivo.
Sesamin attenuated reactive oxygen species generation via Sirt3 during cardiac hypertrophy
Oxidative stress is well known to play a crucial role in cardiac hypertrophy and remodeling [27, 28] . Furthermore, sesamin is a biologically active compound with anti-oxidative [29] . Thus, we determined whether sesamin treatment could also decrease ROS levels in the response to hypertrophic stimuli. To this end, we assessed ROS levels in the hearts of mice. The results showed that chronic pressure overload induced an increase in total ROS levels (superoxide measured by dihydroethidium (DHE) staining) in TAC mice treated with vehicle, whereas this effect was significantly suppressed in mice with sesamin treatment (Fig. 6A ). H9C2 exposed to Angiotensin II (1µM) show a greater increase in ROS levels detected by dihydroethidium (DHE) staining, whereas this effect was significantly suppressed in the cell 
treated with sesamin, but 3-TYP, a selective Sirt3 inhibitor, reversed the protective effects of sesamin on ROS production (Fig. 6B) . To further prove the hypothesis, cell surface area analysis using rhodamine-phalloidin staining was performed. As shown in Fig. 6C , sesamin and NAC treatment dramatically attenuated the increase in cell growth induced by Ang II. H9C2 treated with Ang II + sesamin had a similar cell area compared with cardiomyocytes 
with Ang II + NAC. Moreover, 3-TYP remarkably reversed the effects of sesamin on cell surface area (Fig. 6C) . Collectively, our results indicated the effect of sesamin decreasing ROS levels and hypertrophic response by sesamin was dependent on a Sirt3/ROS pathway.
Sesamin blocks the signaling pathways involved in development of cardiac hypertrophy by attenuating ROS generation via Sirt3
To demonstrate that sesamin inhibited cardiac remodelling via the Sirt3 dependent attenuation of signaling pathways involved in development of cardiac hypertrophy, we incubated NRCMs with the selective Sirt3 inhibitor 3-TYP and found that the effects of sesamin were blocked by 3-TYP ( Fig. 7A & 7B) . Ang II-induced phosphorylated levels of MEK, ERK1/2 and IκBα was decreased significantly in N-acetylcysteine (NAC, 10 mM) treatment cells and treatment with sesamin did not further decrease phosphorylated levels of those in cells (see online suppl. material, Fig. S4A & S4B) , further supporting our hypothesis that sesamin exerted protective effects by reducing the ROS levels via Sirt3. Similarly, we also found that a Sirt3-dependent effect of sesamin on TGF-β1/smad pathway in CFs exposed to Ang II (Fig. 7 C) . Collectively, these data suggest that sesamin protects against cardiac remodeling via Sirt3/ROS pathway.
Discussion
The present study shows that sesamin not only protected against cardiac fibrosis, but also attenuated cardiac hypertrophy induced by pressure overload in vivo. Cardiac function of mice treatment with sesamin was preserved after chronic pressure overload (Fig. 1F & G) . The cardioprotective effects of sesamin were medicated by Sirt3, thus suppressing signaling pathways involved in development of cardiac hypertrophy, which resulted in restricted hypertrophy and fibrosis, ultimately improving cardiac performance.
Our study showed that sesamin not only improved cardiac performance, but also attenuated cardiac hypertrophic response in vivo. These findings are consistent with those from previous studies showing that sesamin decreases left ventricular remodeling in spontaneously hypertensive rats [30, 31] . Although sesamin has been reported the beneficial effects on hypertension [32] , we did not observe a reducing blood pressure in TAC mice treated with sesamin. However, several factors may account for this contradiction, including animal species and animal experimental models.
Cardiac fibrosis, associated with microvasculature destruction and disruption of normal myocardial structures, resulted in excessive deposition of extracellular matrix and electrical disturbances in diseased hearts, promoting the progression of heart failure [33] . Sesamin has been shown to possess anti-fibrotic effects in nutritional fibrosing steatohepatitis [16] and ovalbumin-induced airway fibrosis [34] . Therefore, we suppose that sesamin exerts anti-fibrotic effects in the hypertrophic hearts. Our study suggested that sesamin blocks TAC induced collagen synthesis in vivo. We examined TGF-β/Smad signalling, as a key role in the progression of fibrosis [35, 36] . We have found that mice with sesamin treatment attenuate the expression of TGF-β1 and p-smad2 induced by pressure overload, which is consistent with previous study [31] . Our data show that sesamin abrogates TGF-β/Smad signalling in hypertrophied hearts and also inhibits collagen synthesis.
Mounting evidence has strongly suggested that inflammation plays a critical role in the development of cardiac hypertrophy and heart failure [37, 38] . Inflammatory Cytokines, such as TNF-α, IL-6 and MCP-1, which promote progression of cardiac hypertrophy and heart failure, increased in the hypertrophic hearts, were normalized by sesamin treatment. It is well known that NF-κB signalling molecules are keys to control expression of several inflammatory cytokine genes [39] . Thus, the status of NF-κB signalling was examined in our study. The result showed that the chronic pressure overload induced activation of p65 was attenuated by sesamin treatment, and this effect is mediated by suppression of IκBα phosphorylation. These findings suggest that sesamin decreases the inflammatory response after TAC by NF-κB signalling, which may partially explain the protective effect of sesamin on cardiac inflammation and cardiac dysfunction after TAC surgery.
Reactive oxygen species affect almost all of the major features of cardiac maladaptive remodeling, including the hypertrophic responses, vascular dysfunction and extracellular matrix remodeling [7, 40] . In our study, we found that TAC induced an increase in total ROS levels in the hearts, whereas this effect was substantially suppressed in mice with sesamin treatment. Nakamura et al. [41] reported that Ang II can lead to increasing ROS levels in cultured cardiac myocytes, whereas abolishment cardiomyopathy hypertrophy [42] . Extensive research has shown that ROS also play a critical role in pressure overload induced hypertrophy [43] . Sirt3 plays a key role in control ROS homeostasis. Previous studies show that that Sirt3 is capable of blocking cardiac hypertrophy by reducing cellular ROS levels [26] . Another studies have demonstrated that Sesamol, a liposoluble lignan extraction and prominent fragrance component in sesame oil, can improve PGC-1α genes expressions [24] . Moreover, Sirt3 functions as a downstream target gene of PGC-1α and mediates the PGC-1α effects on cellular ROS production and mitochondrial biogenesis [44] . All these findings imply that sesamin is capable of maintaining ROS homeostasis via Sirt3. It is worth mentioning that PGC-1α has been shown to be downregulated in hypertrophied and failing hearts, which is consistent with the result that Sirt3 was reduced in TAC-induced cardiac hypertrophy [26] [45]. We also have confirmed that PGC-1α mRNA was downregulated after TAC surgery, but normalized by sesamin treatment (Fig. 5A) . Consist with previous studies [26] , we found that sesamin treatment enhances Sirt3 and SOD2 expression, while decreasing phosphorylation levels of Foxo3a (Fig. 5B &5C) , suggesting that sesamin might be activation of Sirt3 to attenuate the ROS levels by activation of Foxo3a-dependent antioxidants and SOD2. Furthermore, sesamin significantly blocked the pressure overload-induced Foxo3a phosphorylation and expression of SOD2 (Fig. 5 B) . We used Sirt3 inhibitor (3-TYP) to confirm that sesamin was involved in pressure overload-induced the disruption of Sir3-regulated ROS production. As shown in Figures 7A, we incubated NRCMs with the selective Sirt3 inhibitor 3-TYP and found that the effects of sesamin were blocked by 3-TYP (Fig. 7A  & 7B) . Similarly, we also found that a Sirt3-dependent effect of sesamin on TGF-β1/smad pathway in CFs exposed to Ang II (Fig. 7 C) . In addition, 3-TYP also blocks the protective role of sesamin on decreasing ROS production and attenuating myocyte cross sectional area (Fig.  6 B & 6 C) . Therefore, the mechanism of sesamin in protecting against cardiac remodeling is most probably through Sirt3/ROS pathway (Fig. 8) .
Conclusion
In summary, we found that sesamin protect against cardiac hypertrophy, inflammation and fibrosis. Our data confirm that Sirt3 is a target of sesamin inhibitory actions. The probable mechanism of this action is mediated by ROS. Therefore, sesamin may offer a potentially effective and relatively safe approach for preventing cardiac remodelling induced by chronic pressure overload. 
